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[1] Two 7-day weather simulations were made for South America in July 2003 and
January 2004 (in the Southern Hemisphere summer and winter) to investigate the impacts
of using different soil moisture initialization fields in the Eta model coupled to the
Simplified Simple Biosphere (SSiB) land surface model. The alternative initial soil
moisture fields were (1) the soil moisture climatology used operationally by the Centro de
Previsão do Tempo e Estudos Climáticos in Brazil and (2) the soil moisture fields
generated by a South American Land Data Assimilation System (SALDAS) based on
SSiB. When the SALDAS soil moisture fields were used, there was an increase in the
model performance relative to climatology in the equitable threat score calculated with
respect to observed surface precipitation fields and a decrease (up to 53%) in the
root-mean-square error relative to the NCEP analysis of the modeled geopotential height at
500 hPa and mean sea level pressure. However, there was small change in the model
skill in positioning the primary South American weather systems because of a change in
the upper troposphere circulation caused by SALDAS initialization, most noticeably in the
South Atlantic Convergence Zone.
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1. Introduction

[2] Soil moisture significantly impacts climate and weather
simulations in numerical models by affecting the partitioning
of energy between latent and sensible heat due to differences in
the availability of heat and water at the surface. In this way, the
initial soil moisture prescribed in a model can affect not only
the near-surface air temperature and humidity, but also local
atmospheric circulations and precipitation.
[3] Several studies have investigated the sensitivity of

atmospheric models to soil moisture changes at different
timescales in both seasonal and short-term simulations.
Shukla and Mintz [1982] showed that simulated precipita-
tion increases when using a wet initialization rather than
dry initiation of land surfaces. By running a general
circulation model (GCM) for several thousands of years,

Koster et al. [2000] concluded that predictions of precip-
itation are most influenced by soil moisture in the transi-
tion zones between humid and dry climates. Fennessy and
Shukla [2000] and, more recently, Zhang and Frederiksen
[2003] suggested that including observed soil moisture
data in the initial conditions used in a model improves
seasonal forecasts. At reduced temporal and spatial scales,
it has been shown that the initiation of moist convection
can be influenced by the spatial distribution of soil
moisture [Pielke, 2001; Weaver and Avissar, 2001; Findell
and Eltahir, 2003a, 2003b]. Kanamitsu et al. [2000]
investigated the predictability of soil moisture and temper-
ature in the NCEP seasonal forecast system using clima-
tological and NCEP-DOE reanalysis 2 and found
improved model skill over arid and semiarid regions where
initial soil moisture conditions are critical.
[4] There has been considerable progress in the method-

ology of soil moisture data assimilation [Houser et al.,
1998; Walker and Houser, 2001; Margulis et al., 2002;
Reichle et al., 2002; Reichle and Koster, 2003; Crow and
Wood, 2003; Seuffert et al., 2003], although the lack of
observations in regions such as South America still com-
promises numerical simulations. Consequently, in South
America the use of a Land Data Assimilation System
[Rodell et al., 2004] represents a promising alternative for
ingesting ground-based and satellite observational data
products by using land surface modeling and data assimi-
lation techniques to generate optimal fields of land surface
states and fluxes and initial fields of soil moisture.
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[5] Over the past few years, there has been an increasing
effort to use regional models to better represent mesoscale
processes, topography, coastal geometry, and land surface
characteristics in South America, although several aspects
of regional climate modeling such as resolution, lateral
boundary conditions, initialization, spin-up time, and model
variability remain poorly assessed [Giorgi and Mearns,
1999; Weisse et al., 2000; Tanajura, 1996]. Tanajura and
Shukla [2000] investigated the influence of the Andes on
South American summer climate using the Eta model
reinitialized every 48 hours. Chou et al. [2000] also used
the Eta model over South America to make a detailed
investigation of forecasts made with the Centro de Previsão
de Tempo e Estudos Climáticos/Center for Ocean-Land-
Atmosphere Studies (CPTEC/COLA) GCM [Bonatti, 1996]
during opposite phases of the annual precipitation cycle.
Seluchi et al. [2003] used the Eta model to study the
extremely dry warm wind that occurs east of the Andes
Cordillera (called the Zonda) that has an orographic origin
similar to that of the Foehn that blows in Germany and
Austria and the Chinook that occurs east of the Rocky
Mountains. Chou et al. [2002] made a validation study of
the Eta model coupled with a simplified version of Sellers et
al.’s [1986] Simplified Simple Biosphere model (SSiB)
[Xue et al., 1991] over South America by performing 1
month simulations in the dry and wet seasons. This model is
hereafter referred to as the ‘‘Eta-SSiB model.’’
[6] The present work investigates the impacts of soil

moisture initialization in the Eta-SSiB model operating
over South America with 40 km spatial resolution. The
model is initialized using two different soil conditions.
One is the soil moisture climatology used operationally at
CPTEC, the resulting runs being here referred to as the
control runs (CTR runs). The second used a product
derived from a 3 year South American LDAS run made
with an offline version of SSiB forced by the Global Data
Assimilation System (GDAS) atmospheric fields for South
America, the resulting being here referred to as SALDAS
runs. Two 7 day runs were performed during the austral
winter (in the dry season, in July 2003) and summer (in
the wet season, in January 2004) using these different
initial soil moisture conditions. The resulting 72 hours
forecasts were then compared with each other and with
observations. The models used are described in sections 2
and 3 and the soil moisture initialization procedures in
section 4. Methods and analysis are explained in section 5
and results presented in section 6. Section 7 gives a
summary and the conclusions.

2. Eta Model

[7] The Eta model is currently used as the primary
regional model at CPTEC and is widely used at several
other research and weather forecast centers worldwide. The
version used at CPTEC was originally derived from that
used at the National Centers for Environmental Prediction
(NCEP) and calculates prognostic variables (i.e., tempera-
ture, specific humidity, horizontal wind components, sur-
face pressure, turbulent kinetic energy and cloud water) on a
40 km semistaggered Arakawa E grid [Arakawa and Lamb,
1977] that covers most of South America and adjacent
oceans.

[8] The Eta Model has the characteristic that it represents
mountains as steps [Bryan, 1969] and it preserves all
important conserved properties in its finite difference
schemes [Mesinger et al., 1988]. An improved Betts–
Miller–Janjic scheme (BMJ) [Betts, 1986; Betts and Miller,
1986; Janjic, 1994] is employed to represent deep and
shallow convection. The formulation of the large-scale
condensation is conventional in this version of the Eta
model, and includes the evaporation of precipitation in
unsaturated layers below the condensation level [Janjic,
1990]. In the present study, the model was specified to have
28 levels, with the top of the atmosphere at 50 hPa. The
vertical resolution is higher near the ground and near the
tropopause. In the model runs, initial and lateral boundary
conditions were taken from NCEP/GCM analyses in the
form of spectral coefficients with T62 triangular truncation
(equivalent to 1.825� resolution) in both the meridional and
zonal directions. The 28 vertical layers were updated every
6 hours. Observed weekly average sea surface temperatures
were used. The initial land surface albedo was also taken
from the seasonal climatology routinely used at CPTEC,
with subsequent values then calculated by SSiB.

3. SSiB Land Surface Scheme

[9] The Simplified Simple Biosphere land surface scheme
(SSiB) [Xue et al., 1991] used in the CPTEC Eta model is a
simplified version of the Simple Biosphere model (SiB)
[Sellers et al., 1986]. It simulates biophysical processes by
modeling vegetation explicitly. The SSiB scheme has three
soil layers and one canopy layer, with eight prognostics
variables (i.e., soil wetness in three soil layers; the temper-
atures of the canopy, ground surface, and deep soil layers;
and the liquid water stored on the canopy and snow stored
on the ground). The SSiB forcing variables (taken from the
lowest modeled level of the Eta model) are precipitation,
downward short-wave radiation, downward long-wave
radiation, temperature, humidity, and wind speed. The
output variables are surface albedo, the sensible heat flux,
latent heat flux (transpiration and evaporation from inter-
cepted water and the soil), momentum flux, ground heat
fluxes, skin temperature, surface runoff, groundwater run-
off, carbon dioxide flux, and net photosynthesis rate. SSiB
requires the specification of 23 parameters for 13 ecosys-
tems (i.e., broadleaf-evergreen, broadleaf deciduous trees,
mixed forest, needleleaf evergreen trees, needleleaf decid-
uous trees, savanna, perennial grassland, broadleaf shrubs
with ground cover, broadleaf shrubs with bare soil, tundra,
desert, crops, and permanent ice). In the present study, the
default values of the 23 parameters given by Xue et al.
[1991] for each ecosystem were used. A recent study has
been conducted to improve the snow parameterization in
SSIB [Sun and Xue, 2001; Xue et al., 2003] but this aspect
of the model is not used in this study.

4. Eta/SSiB and Its Surface Initialization
at CPTEC

[10] The present study uses the Eta model coupled to
SSiB (Eta/SSiB model). The coupling methodology is
described in detail by Xue et al. [2001], which study also
reports that Eta/SSiB produces more realistic monthly
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precipitation over United States than does the Eta model
with a ‘‘bucket model’’ land surface scheme. The Eta/SSiB
model evaluated over South America by Chou et al. [2002]
remains in use at CPTEC with the initial soil moisture states
in weather and climate simulations interpolated, for a given
day, from monthly values in a yearly climatology [Willmott
et al., 1985; Mintz and Serafini, 1981, 1989, 1992; Mintz
and Walker, 1993]. This climatology is based on a bucket
model [Manabe, 1969] with a Thornthwaite [1948] estimate
of evaporation and prescribed precipitation. However,
Robock et al. [1998] showed that this climatological data
set is substantially different to observations and, more
recently, Goncalves et al. [2006] compared two SSiB offline
runs, one initialized by Mintz and Serafini soil moisture
climatology and other by SSiB spin up fields, and found
there were significant differences in the calculated latent and
sensible heat fluxes, particularly in the semiarid regions of
South America.

5. Methods and Analysis

[11] The soil moisture initiations used in the CTR runs
were those described in the previous section. Since the
bucket model provides only a single soil layer, the total
column moisture is interpolated to each of the SSiB three
layers in proportion to their depth The alternative soil
moisture initiation (in the SALDAS runs) were calculated
using a SSiB-based LDAS system set up over South
America (SALDAS) starting from soil moisture states taken
from a spin up experiment for the calendar year 2001
[Goncalves et al., 2006], with the SALDAS then continu-
ously forced by the NCEP/GDAS atmospheric forcing
through to June 2004. Two 7 day experiments were then
conducted using Eta/SSiB in July 2003 and January 2004,
i.e., in the Southern Hemisphere summer and winter,
respectively. For each month (January and July), the Eta
model was run over a period of seven days with a new run
initiated each day to give seven independent runs per
month. Each run used the soil moisture fields calculated
offline (either climatological or derived from SALDAS) as
initial conditions and the model provided 72h forecasts with

an output every 24h. Figure 1 is a schematic diagram
illustrating the experiment design.
[12] For each 7 day experiment, the 24 hour, 48 hour, and

72 hour forecasts for the CTR and SALDAS runs were
compared with daily precipitation and temperature from
surface stations and the modeled geopotential height at
500 hPa and the mean sea level pressure with NCEP/
GCM analysis fields. Because direct comparison with the
limited upper air soundings available and scarce topography-
dependent surface observations is problematic, comparison
with analyzed NCEP/GCM fields derived from these and
other (e.g., remotely sensed) observations is considered
preferable. These analyzed fields at least provide a broad
measure of the overall behavior of the atmosphere over large
areas, such as South America. For the purpose of making
comparison, the South American continent was divided into
three regions selected on the basis of prevailing weather
systems [Chou et al., 2002] and vegetation cover character-
istics: the three areas, north (N), northeast (NE), and south
(S) as shown in Figure 2.

6. Results

6.1. Initial Soil Moisture States

[13] In general, the differences between the SALDAS and
CTR (climatological) soil moisture fields (i.e., volumetric
soil moisture in %) in the three soil layers are greater in
January 2004, in the wet season, than in July 2003, in the
dry season (Figure 3). In January 2004 (Figure 3a), the
fractional wetness of the surface layer in the SALDAS
initiation field is drier than climatology by up to 0.6 over
all of southeastern Brazil, and areas east and west of
Amazonia, north of Bolivia, and west of Peru. In the root
and deep soil layers, the SALDAS field is drier than
climatology in similar areas, although there are significant
differences including areas along latitude 10�S in northern
Brazil. The SALDAS fields are higher than climatology in
all soil layers in the northern portion of the continent, in
northeast Brazil and regions east of the Andes in Chile and
coastal Peru, and in southern and western Argentina. The
differences in the soil wetness in these areas are greatest in
the deep soil layer and reach 0.8 in south central Argentina.

Figure 1. Diagram of the experiment design for the study showing how the initial SALDAS fields were
generated for the two 72 hour Eta-SSiB runs during July 2003 and January 2004.
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[14] In July 2003, the surface layer shows most difference
in those areas where the SALDAS field is drier than
climatology in all three soils layers. For the surface layer,
drier areas include southeast Brazil, northern Amazonia, and
the eastern side of the Andes in Bolivia and Peru, with
differences ranging from less than 0.2 (in Amazonia and the
eastern Andes) to 0.6 (in southeast Brazil). In the root layer,
there are differences greater than 0.2 only in small areas of
southeastern Brazil while, in the deep soil layer, there are no
areas where the SALDAS field is drier than climatology by
0.2. Areas in central Amazonia, north of northeastern
Brazil, Argentina, Chile and coastal Peru are where the
surface layer in the SALDAS field is wetter than climatol-
ogy, with differences of up to 0.8. Areas where the SAL-
DAS field is wetter than climatology in the root zone are
similar to those for the surface layer, except in central
Amazonia (where the differences are small) and in north-
eastern Brazil where there are more areas with a differences
greater than 0.6. The SALDAS field is greater than clima-
tology in the deep soil layer in areas similar to those for the
root zone except in central Argentina where difference
exceeds 0.8 in some places.

6.2. Gridded Precipitation and Outgoing
Long-Wave Radiation

[15] One source of observed precipitation data available
for use for comparison with modeled fields in this study is a

1� � 1� gridded product provided from a collaboration
between INMET and CPTEC, which was derived from
surface stations distributed over South America interpolated
using a modified Cressman [1959] scheme [Glahn et al.,
1985; Charba et al., 1992]. However, the distribution of
surface stations is uneven in South America, and the density
of stations is low, especially in the Amazon, the Andes, and
central Brazil [Goncalves et al., 2006]. Moreover, the
resolution of the interpolated gridded product is coarse
compared to the 40 km Eta model resolution. Clearly, this
gridded product therefore needs to be used with care.
[16] In practice, the main difference in the modeled

precipitation in the CTR and LDAS runs is in the amount
of precipitation rather than its location. A quantitative
comparison between the precipitation fields calculated in
the CTR and SALDAS simulations is presented in the next
section using in situ (rather than gridded) precipitation
observations. In this section, the interpolated precipitation
fields described above are used to make a qualitative
investigation of the Eta model’s ability to simulate the
location of the primary precipitation systems. This investi-
gation is aided by use of the observed daily outgoing long-
wave radiation (OLR) fields provided by NOAA-CIRES
that can be used to identify the approximate location of
cloud and, by inference, precipitation.
[17] The observed surface precipitation and daily outgo-

ing long-wave radiation (OLR) fields shown in Figures 4
(left) and 4 (right) for the period 5–12 January 2004 suggest
precipitation was associated with two main production
mechanisms, namely, (1) precipitation associated with the
South Atlantic Convergence Zone (SACZ) [Kodama, 1992;
Carvalho et al., 2002] which is here subjectively defined as
the zone of enhanced precipitation that extends from the
Amazon basin to the South Atlantic Ocean passing above
southeastern Brazil [Satyamurty et al., 1998; Liebmann et
al., 1998] and (2) convection around 5�N due to the
Intertropical Convergence Zone (ITCZ) visible in the out-
going long-wave radiation (OLR) field shown in Figure 4
(right) and observed by surface stations over the northern
coast of the continent (Figure 4, left).
[18] Figure 4 (middle) shows the average Eta 72 hour

precipitation forecast during January for the CTR run. The
position of the SACZ over the continent was predicted
correctly by the CTR run although the LDAS run provided a
slightly better prediction of the location of the system. In the
next section it is shown that the LDAS run also compares
better with surface observations of precipitation.
[19] Figure 5a shows the difference in precipitation be-

tween the SALDAS and CTR runs for the 72 hour forecasts
in January 2004. The alternating pattern of differences over
southeastern Brazil, which are oriented along the SACZ axis
indicate that the fields are out of phase (shifted) rather than
having different magnitude. In fact, the forecasts initialized
by the SALDAS soil moisture fields positioned the SACZ
slightly south of CTR forecasts for the reasons described
below.
[20] Studies [e.g., Ferreira et al., 2004] have shown that

the mechanisms that regulate precipitation over South
America during the wet season can be better understood if
upper and lower troposphere dynamics are considered
separately. Many mechanisms influence large-scale circula-
tion over South America, including tropical heating [Silva

Figure 2. Vegetation cover classification for South
America. Type 1 is tropical rain forest; type 2 is broadleaf
deciduous trees; type 3 is broadleaf and needleleaf trees;
type 4 is needleleaf evergreen trees; type 5 is needleleaf
deciduous trees; type 6 is broadleaf trees with ground cover;
type 7 is grassland; type 8 is broadleaf shrubs with ground
cover; type 9 is broadleaf shrubs with bare soil; type 10 is
dwarf trees with ground cover; type 11 is desert; type 12 is
crops. The regions where area average analyses were made
are N, NE, and S.
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Dias et al., 1983; Gandu and Geisler, 1991], extratropical
convection [Belassiano, 2000], and convection over remote
areas such as the western and central Pacific and Africa
[Gandu and Silva Dias, 1998]. For the period studied here,
the main regional features of upper tropospheric circulation
are the Bolivian High (BH), that can be defined as a middle/
upper level warm core anticyclone due to radiational heat-
ing and latent heat release during intense convection [Virji,

1981], the cyclonic vortex in the vicinity of northeast Brazil
(CVNE) [Kousky and Gan, 1981; Mishra et al., 2001], and
the climatological midlatitude trough (CT) located over
southeastern Brazil. The CT occurs from November to
March and splits the Subtropical Ridge into two parts, one
over South America, the other over Africa. Flow between
the CT and BH contributes to precipitation in the region by
bringing surface and upper level disturbances into the area.

Figure 3. Difference (a) in January 2004 and (b) in July 2003 between the SALDAS and CTR initial
soil moisture fraction (in the range 0 to 1), for the (left) surface layer, (middle) root zone, and (right) deep
soil layer.
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Thus the position of the BH plays an important role in
determining the location and intensity of precipitation over
most of the continent, including the SACZ.
[21] The authors suggest that an increase in the latent heat

flux in the northern Argentina and Paraguay and southern
Bolivia, where SALDAS initial soil conditions are moister
than the CTR initiation may caused a southward shift in the
predicted SACZ through a dynamical connection with the
BH in the upper troposphere. Figure 5b shows the differ-
ence in the latent heat flux between the SALDAS and CTR
runs in January, clearly showing the regions with higher

differences are in the semi arid northeast of Brazil (where
there were no significant changes in the atmospheric circu-
lation and precipitation) and northern Argentina and Para-
guay and southern Bolivia. Increased latent heat in the
region with the SALDAS moister conditions cause a net
increase in the atmospheric temperature between 1000 hPa
and 500 hPa, causing the Eta model to predict the warm
core of the BH to be shifted further west in comparison with
the CTR run. Consequently, the CT trough in the SALDAS
run (and the associated divergence in the upper levels) is
predicted to be further to the southwest of the CT than in the

Figure 4. For January 2004, (left) interpolated surface observations of precipitation, (middle) 72 hour
Eta-SSiB precipitation forecast, and (right) outgoing long-wave radiation (OLR).

Figure 5. Difference between 72 hour Eta model forecasts in January 2004 when using the SALDAS
initiation relative to when using the CTR initiation for (a) time-averaged precipitation in mm and
(b) time-averaged latent heat in Wm�2.
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CTR run, displacing the low-level convergence (SACZ)
southward. Figure 6 shows the 250 hPa streamlines for the
CTR run (Figure 6a) and for the SALDAS run (Figure 6b)
along with the main circulation patterns (BH, CT and
CVNE).
[22] The BH configuration in the Eta forecasts initialized

by the SALDAS fields also causes a change in the upper
troposphere circulation over southern South America, with a
second trough (associated with a new frontal system)
predicted to southwest of its position in CTR run, and
therefore modifying the precipitation pattern between
30S and 40S. There is also the local influence of the
convective activity of the region due to the higher latent
heat flux between 35S and 40S (Figure 5b) in the SALDAS
initialization.
[23] Over the Amazon region, the change in the upper

troposphere circulation also resulted in a net increase in the
convergence at 250 hPa (not shown) in the SALDAS run in
comparison with the CTR run, suggesting a decrease in the
precipitation generated by deep convection.
[24] Figure 7 shows similar results for the drier period of

3–10 July 2003. The observed average precipitation mainly
occurs in three regions: southern Brazil, south of Chile, and
in the northernmost region of the continent associated with
convection in the ITCZ, which is located further north than
it is in January. In the southern region, precipitation is
produced, mainly, by frontal systems and topographic
effect, and the Eta-SSib model was able to simulate the

position of this precipitation correctly. The model does
seems to predict the position of maximum intensity in the
ITCZ a few degrees south of observations, although model
results in this area may be influenced by the boundary
conditions of the domain which are updated every 6 hours.
In the South Atlantic, minimum values of OLR agree with
the position of frontal precipitation predicted by the Eta-
SSiB model over southeast Brazil and near ocean. However,
the model was not able to capture the (albeit limited)
precipitation near the coast of northeast Brazil that may
be caused by easterly waves, which common in this area
June, July, and August. The precipitation in the SALDAS
and CTR runs show small differences, and these are mostly
in the amount rather than the position of the systems during
this period. An analysis of the quantitative differences
between the two runs is given in the next section.

6.3. Equitable Threat Score and Bias

[25] The equitable threat score (ETS) measures the ability
of the model to predict the area with precipitation above a
given threshold [Anthes et al., 1989; Mesinger, 1996]. It is
defined as:

ETS ¼ H � CH

F þ O� H � CH
ð1Þ

where F is the number of points the model predicts above a
specified threshold, O is the number of observations above

Figure 6. Time-averaged streamlines at 250 hPa in 72 hour Eta model Eta forecasts for January 2004
(a) for the CTR initiation and (b) for the SALDAS initiations, illustrating the location of the main upper
troposphere circulation patterns, namely, the Bolivia High (BH), the cyclonic vortex over Brazil northeast
(CVNE), and the Atlantic Trough (CT). Note that CT is indicated as a dashed line.
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the same threshold, H is the number of model ‘‘hits’’, CH is
the number of points corresponding to random ‘‘hits’’,
calculated from

CH ¼ F � O

N
ð2Þ

where N is the number of points in the verification domain.
In this study, the ETS was calculated for the following
precipitation thresholds: P = 0 mm, P > 0 mm, P > 5 mm,
P > 10 mm, P > 15 mm, P > 20 mm, P > 30 mm, and P >
50 mm.
[26] The bias score is defined as

BIAS ¼ F

O
ð3Þ

[27] ETS varies from 0 to 1, with higher values indicating
better simulations and ETS and BIAS are used in combi-
nation and a perfect simulation would be equivalent to
ETS = 1 and BIAS = 1.
[28] The main interest of this study was to investigate

relatively changes in model performance. Consequently,
percentage change in the ETS and BIAS are calculated for
the N, NE and S regions shown in Figure 2 when using the
SALDAS initiation relative to when using the CTR initia-
tion. Recognizing that performance is better when ETS and
BIAS approaches unity, the percentage change in ETS, is
give by

PCETS ¼ 100� ETSSALDAS � 1j j � ETSCTR � 1j j
ETSSALDAS � 1j j ð4Þ

while the percentage change in the BIAS score is calculated
from:

PCBIAS ¼ 100� BIASSALDAS � 1j j � BIASCTR � 1j j
BIASSALDAS � 1j j ð5Þ

Note the sign of the BIAS is not being considered, rather
how close its value is to unity.
[29] Figure 8a shows the percentage change in the 24h

ETS (Figure 8a, top) and BIAS (Figure 8a, bottom) in
January 2004 in the NE (line with stars), N (line with
crosses), and S (dashed line) areas for the different precip-
itation thresholds shown on the x axis (in mm). Note that
negative values of ETS imply an increase in the model
performance when using the SALDAS initialization rather
than the climatological initiation. In the 24 hour forecast,
the SALDAS initialization results show a better ETS than
does CTR initiation for all regions, with up to 23%
improvement for light precipitation, and up to 10% for all
the others thresholds. In the case of the BIAS (Figure 8a,
bottom), for precipitation values up to 6.3 mm there is a
degradation in the forecast for the N region, but in the NE
there is a 25% increase in the performance and in the S the
performance increases by up to 8%. For the thresholds
above 6.3 mm, there is an improvement in all regions up
to a threshold on 38 mm when there is a degradation of 5%
in the N and NE areas. In Figure 3a, the most significant
differences in the soil moisture in the N region are found in
the surface layer (the SALDAS is dryer than CTR) suggest-
ing that in the first hours of simulation evapotranspiration
may be partially inhibited, therefore reducing precipitation
(i.e., increasing the occurrence of light precipitation) which
would degrade the BIAS at low thresholds. However, the
moisture in the shallow surface layer will rapidly adjust so
the effect is mainly in the first 24h precipitation forecasts.

Figure 7. For July 2003, (left) interpolated surface observations of precipitation, (middle) 72 hour Eta-
SSiB precipitation forecast, and (right) outgoing long-wave radiation (OLR).
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[30] Figure 8b is similar to Figure 8a but shows the
results for the 72 hour forecast in the same month
(January). In general, the percentage change in ETS shows
increased performance (Figure 8b, top) although the pic-
ture is less consistent for the increased forecast lead time.
There is an increase performance in the range 0–25% in
the N and NE regions. In the S region, there is a
maximum decrease in performance of 20% for the

19 mm threshold and a maximum increase in performance
of 45% for the 25.4 mm threshold. In the case of the
BIAS, there is a 5% decrease in performance for the NE
region for thresholds of 6.3 mm, 25.4 mm and 38.1 mm,
but an 12% increase in performance for the 0.3 mm
threshold. In the N and S areas, the behavior is broadly
similar, with increased performance of 15% and 20%,
respectively, for the 0.3 mm threshold, but then progres-
sively less improvement at higher thresholds, and degraded
performance for thresholds above 19 mm.
[31] The ETS and BIAS performance analysis for the

Eta-SSiB model for the drier month of July 2003 is shown
in Figure 9a for the 24 hour forecast and in Figure 9b for
the 72 hour forecast. Because precipitation is generally
low across the whole continent in this month, only
precipitation thresholds less 19 mm threshold are signifi-
cant. For thresholds lower than 2.5 mm, the 24 hour
forecasts show an improvement of up to 5%. For thresh-
olds up to 6.3 mm (light rain) there is a 5% improvement
in the NE area, and 3% in the other areas. In the case of
the ETS, in all regions there was less than 1% degradation
in performance for thresholds of 6.3 and 12.7 mm. In the
case of the BIAS, the 24 hour forecast showed degradation
of up to 10% in all regions for thresholds up to 6.3 mm.
For the 72 hour forecast (Figure 9b), in the NE area there
is a performance increase in the ETS performance of 18%
and 30% for the 0.3 mm and 2.5 mm thresholds, but a
degradation of 20% for a 25.4 mm threshold. The BIAS
was improved for thresholds lower than 6.3 mm for in
72 hour forecast for July 2003, but degradation for higher
thresholds.

6.4. Surface Temperature

[32] Temperature comparisons are made using the 2 m
modeled temperature from Eta-SSiB, this being the height
closest to that at which temperature observations are usually
made at climate stations. The modeled temperatures were
interpolated to locations where observations were available,
the difference taken, and contours drawn (Figure 10).
Figure 10a shows that the average temperature in January
2004 exhibits little variation for latitudes north of 15�S, the
value is close to 28�C except over the Andes where the
values drop rapidly with altitude. As might be expected,
the temperature also falls further south near the coast in
southeastern Brazil (24�C) and in Argentina where the
values fall off with latitude.
[33] In general, the CTR runs calculate a temperature that

is 2�C colder than the observations across the continent,
except for a small area in northeast Brazil, where it is 2�C
warmer, and along the east cost south of 25�S, where it is up
to 6�C colder than observations. The SALDAS run calcu-
lates temperatures that show a larger area with 6�C differ-
ence near the coast of southeastern Brazil, and 4�C colder
than observed areas in the northeast and north of the
continent.
[34] For July 2003, Figure 11b shows that both the CTR

and SALDAS runs are (on average) 4�C colder than
observations for latitudes lower than 25�S. For some areas
in northeast Brazil and in the northern part of the conti-
nent, the differences in both simulations are of up to 6�C
colder. The low temperatures over the semiarid northeast
Brazil can be explained by the nighttime radiative cooling

Figure 8. (a) Percentage change in the 24 hour forecast
(top) ETS and (bottom) BIAS in January 2004, in NE (line
with stars), N (line with crosses), and S (dashed line) for the
different precipitation thresholds shown on the x axis (mm).
(b) Percentage change in the 72 hour forecast (top) ETS and
(bottom) BIAS in January 2004 in NE (line with stars), N
(line with crosses), and S (dashed line) for the different
precipitation thresholds shown on the x axis (mm).
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due to the low cloud cover (shown by the high values of
OLR) and the presence of broadleaf shrub as ground cover
(Figure 2).
[35] Figure 12 shows the difference in the surface

temperature between runs with SALDAS and CTR
initializations for 72 hour forecasts in January 2004
(Figure 12a) and in July 2003 (Figure 12b). As expected,

in the regions where SALDAS initiation is moister than
CTR, the temperatures are cooler, i.e., in northeast Brazil,
central and southern regions of the continent in January,
and northeast Brazil, the central continent and along the
east coast from northern Chile to Peru in July. The cooler
temperatures result from the partitioning between sensible
and latent heat in the areas where the SALDAS is moister:
there is an increase in the latent heat flux and a equivalent
decrease in the sensible heat, thus cooling the near surface
atmosphere. The CTR is significantly moister than SAL-
DAS only in southeast Brazil in January (Figure 2a) and
southern Brazil in July (Figure 2b). However, these differ-
ences occur in the thin surface layer which adjusts in the
first hours of the run, with little influencing in longer
forecasts (e.g., 72h predictions).

6.5. Geopotential Height and Mean Sea Level Pressure

[36] Over each area (N, NE, and S), the area-averaged
RMSE for the geopotential height at 500 hPa and mean sea
level pressure were calculated between the CTR and SAL-
DAS simulations and the NCEP analysis. The results were
then compared as the percentage change in order to diag-
nose the improvement or degradation in the RSME for the
SALDAS runs relative to the CTR runs. The percentage
change (PC; %) in each case was calculated from

PC ¼ RMSESALDAS � RMSECTR

RMSESALDAS

� 100 ð6Þ

[37] Table 1 shows the percentage change in RMSE for
geopotential height at 500 hPa and the mean sea level
pressure in January 2004 and July 2003 for the 24 hour,
48 hour, and 72 hour forecasts. Negative values mean the
errors in the SALDAS run are lower than the errors in the
CTR run.
[38] In January 2004, the percentage change in geo-

potential height is negative for all forecast periods in the N
and S regions. In NE region, there are small percentage
changes (less than unity) in the 24 hour forecast but the
RMSE for the SALDAS 48 hour run is approximately 7%
higher than for the CTR run. The maximum percentage
change occurs for the 72 hour run in the N region where
RMSE for the CTR run is 53% higher than for SALDAS
run. The RMSE for the mean sea level pressure for the
CTR run is higher than for the SALDAS run for all
regions and forecast periods in January 2004, and the
differences increase as the forecast hours increase, with a
maximum percentage change of 32% for the 72 hour run
in the S region.
[39] In July 2003, the percentage change in the RMSE of

geopotential height is small and positive in all areas for the
24 hour forecast period. In the NE and S the maximum
percentage change (�9% and �2.6%, respectively) occurs
for the 48 hour forecast period while, in the N region, the
maximum percentage change (2.8%) is for the 24 hour
forecast period. For the mean sea level pressure, the
percentage change in RMSE values decreases as the fore-
cast period increases for all regions. For the mean sea level
pressure, there is just one occurrence of a positive percent-
age change (�1%) for the 24 hour forecast in the N region,
while the maximum improvement resulting from use of the

Figure 9. (a) Percentage change in the 24 hour forecast
(top) ETS and (bottom) BIAS in July 2003 in NE (line with
stars), N (line with crosses), and S (dashed line) for the
different precipitation thresholds shown on the x axis (mm).
(b) Percentage change in the 72 hour forecast (top) ETS and
(bottom) BIAS in July 2003 in NE (line with stars), N (line
with crosses), and S (dashed line) for the different
precipitation thresholds shown on the x axis (mm).
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SALDAS fields is a percentage change of 18.6% in the NE
region for the 72 hour forecast.

7. Summary and Conclusions

[40] In this study, the Eta model coupled to SSiB was run
over South America with a grid resolution of 40 km and

with boundary and initial conditions taken from NCEP
analysis. The model was initialized using two different soil
conditions; one, the soil moisture climatology used opera-
tionally at CPTEC; the other, the product of a 3 year LDAS
run using SSiB forced by the GLDAS atmospheric fields.
Two 7 day runs were performed during the austral winter

Figure 10. (a) Observed surface temperature and differences (b) between the temperature calculated in
the CTR run and observations and (c) between the temperature calculated in the SALDAS run and
observations for the 72 hour forecasts in January 2004.

Figure 11. (a) Observed surface temperature and differences (b) between the temperature calculated in
the CTR run and observations and (c) between the temperature calculated in the SALDAS run and
observations for the 72 hour forecasts in July 2003.
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(the dry season, in July 2003) and summer (the wet season,
in January 2004) with these alternative initial soil moisture
conditions. The resulting forecasts of up to 72 hours were
compared against each other and against observations.
[41] The CTR soil moisture fields were, on average, drier

than the SALDAS soil moisture fields in both January and
July in northeastern Brazil, the inner continent, southern
portions of Amazonia, and in a region that extends from
southern Argentina to northern of Peru, with increasingly
greater differences at greater depth. In January, the SAL-
DAS soil moisture fields are drier than the CTR fields in the
inner continent and southeastern Brazil, especially in the
surface layer. Regardless of which initial soil moisture fields
were used, the Eta model was able to predict the general
location of precipitation in both seasons reasonably well. In
particular, the model correctly predicted the convective
band from Peru to southeast Brazil and correctly located
the ITCZ in January. In July, the Eta-SSiB misplaced the
precipitation associated with the ITCZ to some extent
compared to OLR fields, but this may be due to the
influence of the model’s lateral boundary conditions. The

increase in the latent heat flux over north of Argentina,
Paraguay and Bolivia in the SALDAS initialization caused
an increase in the lower troposphere temperature and as
consequence the Eta-SSiB model predicted the BH (a warm
core upper tropospheric cyclonic vortex) west of the CTR
predictions, shifting the SACZ southward. Nonetheless, the
Eta-SSiB model generally did predict the position of the
precipitation correctly over the continent quite well in July
although, when compared to the measured OLR, it appeared
to displace the convection associated with the frontal
systems southward.
[42] In January 2004, a quantitative analysis of model

precipitation against station observations shows that the
SALDAS initialization yields a better ETS than the CTR
initiation for the 24 hour forecast for all regions, with up to
23% improvement for light precipitation and up to 10%
improvement for all others thresholds. There is degradation
of the BIAS for light precipitation in the N region, but
improvement in all other regions. With the SALDAS
initialization, the 72 hour forecasts also show an overall
increase in ETS performance of 20% in all regions and for

Figure 12. SALDAS-CTR difference in the time-averaged 72 hour surface temperature forecasts in �C
for the SALDAS initiation relative to the CTR initiation for (a) January 2004 and (b) July 2003.

Table 1. Percentage Change in the RMSE for Geopotential Height at 500 hPa and Mean Sea Level Pressure Between the SALDAS and

the CTR Computed for Each Region (N, NE and S) for the 24, 48, and 72 hour Forecast Periodsa

Geopotential Height at 500 hPa Mean Sea Level Pressure

NE N S NE N S

January
24h 0.911 �0.74 �0.03 �7.95 �0.04 �2.18
48h 7.08 �2.11 �15.22 �0.31 �6.34 �11.66
72h �10.26 �53.45 �10.94 �19.24 �22.89 �31.24

July
24h 0.41 2.81 0.43 �0.26 1.01 �0.58
48h �9.51 �2.59 �2.63 �8.28 �11.69 �7.29
72h �8.98 �1.7 0.18 �18.66 �15.97 �14.64
aThe percentage change is calculated for January 2004 and July 2003. Negative values imply RMSE for the CTR run is higher than for the SALDAS run.
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all thresholds. For the same forecast period, there is an
average increase in performance for BIAS of 10% for
thresholds lower than 19 mm but degradation in perfor-
mance above this threshold. Because precipitation is low in
July, only the precipitation events below the 19 mm
threshold are significant. For the 24 hour forecasts, there
was an improvement of 3% in the ETS and a degradation of
around 5% in BIAS for all regions when the SALDAS
initiation fields were used. For the 72 hours forecasts, there
was an improvement of up to 30% in the ETS in the N
region, but a degradation of around 5% in the BIAS.
[43] The differences between modeled surface temper-

atures and observations are similar for both initiation fields
and, on average, about 2�C colder in January and 4�C
colder in July. The SALDAS runs have larger areas with
temperatures colder than the CTR runs in January, particu-
larly near the east coast in southern Brazil and Argentina. In
July, the CTR run is colder than the SALDAS run in
semiarid and desert areas where the initial soil moisture is
drier and there is greater nighttime radiative cooling. When
comparing the surface temperature predictions between the
two runs, the areas where SALDAS initial soil moisture
fields are moister than CTR show lower temperatures due to
an increase in the latent heat flux in the energy partitioning.
[44] The 500 hPa geopotential height and mean sea level

pressure analysis show a general improvement in the
performance of the model of up to 53% (in the N area)
when initialized by SALDAS soil moisture fields. When-
ever there is degradation of performance in predicting the
geopotential height or mean sea level pressure, the percent-
age change is less than 10%.
[45] In conclusion, the Eta-SSiB showed a general overall

improvement in performance for all the variables analyzed
in this study (precipitation, surface temperature, geopoten-
tial height, and mean sea level pressure) when initialized by
the SALDAS rather than the CTR soil moisture fields.
However, a more detailed small-scale analysis is justified
for the limited regions where using SALDAS fields degrades
the model simulation in the present study, including areas in
northeastern Brazil and some southern areas where the
SALDAS fields are wetter than the CTR fields. Further
investigation of whether there are more significant differ-
ences in the mesoscale atmospheric circulations modeled by
the Eta model operating at 40 km resolution is also justified.
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